Abstract: This paper examines or current state of knowledge of the epidemiology of urinary incontinence. The population studied was community-dwelling noninstitutionalized persons. The review includes discussion of the prevalence, incidence, natural history and presence of racial and ethnic differences in the epidemiology of urinary incontinence. We also review correlates and potential risk factors that have been revealed in epidemiological studies. Differences between epidemiological and clinical approaches to a health problem, help-seeking behavior and methodological issues for research are also discussed. We have reviewed a large number of completed studies in the ®eld of urinary incontinence, and have emphasized highquality and population-based studies. We also wished to present studies from a variety of countries. Because of the abundance of studies, only a small fraction can be presented here. Other studies may have equal standards and useful information, but lack of space precludes their inclusion.
Introduction
In this review we emphasize the importance of understanding epidemiology, and also give a summary of the basic concepts. Epidemiology is the scienti®c study of the distribution and determinants of disease in people. Descriptive epidemiology is the description of disease incidence, prevalence (and mortality) by persons, place and time, whereas the term analytical epidemiology describes the search for determinants of disease risk. The discovery of risk factors and protective factors may then lead to primary or secondary prevention.
Studies of disease frequency should rely on a very speci®c de®nition of the condition under investigation. The absence of a unifying de®nition for urinary incontinence (UI) is a fundamental problem which has not been resolved. The lack of such a de®nition leads to problems with assessing the sensitivity and speci®city of the ®ndings in epidemiological studies. Variations in the availability and ef®cacy of health care around the world may in¯uence the prevalence of UI.
Urinary incontinence has been de®ned in several ways, and this is one problem when analyzing the epidemiological studies. However, in order to obtain replicable results and to be able to compare different studies, widely accepted de®nitions are important. The International Continence Society (ICS) de®nes incontinence as`a condition where involuntary loss of urine is a social or hygienic problem and is objectively demonstrable' [1] , but this de®nition may not be ideal for epidemiological purposes (see below). More common in epidemiological studies are de®nitions based on the frequency of urine loss, e.g.`any uncontrolled urine loss in the prior year' or`more than two episodes in a month'. Such de®nitions imply that the studies are in fact studies of period prevalence.
Prevalence is de®ned as the probability of being incontinent within a de®ned population and at a de®ned time point. The concept is important for establishing the distribution of the condition in the population and for projecting the need for health and medical services. The prevalence of all-cause UI is estimated as the ratio of the number of incontinent respondents identi®ed in a crosssectional survey to the number of all respondents in the survey (i.e. continent and incontinent). Prevalences of speci®c types and severity levels are estimated in an analogous manner.
Incidence is de®ned as the probability of developing the condition under study during a de®ned time period. Incidence is usually reported for 1-, 2-or 5-year time intervals.
Epidemiological surveys often must take a pragmatic approach, and therefore de®ne incontinence type based on the symptoms alone. The classi®cation can be done either by the researchers based on several questions, or by the respondent's con®rmation of a statement or typical description. Clinical assessment allows for more differentiation of subtypes. Possible biases will be discussed below.
Severity of incontinence is another important factor for the prevalence estimate. Severity can be de®ned by factors such as frequency, amount and subjective nuisance. Examples of how the prevalence differs when based on different de®nitioins for severity will be shown.
Epidemiology of Enuresis and UI in Children
Primary enuresis is bedwetting occurring without a dry continence break of more than 6 months. Secondary enuresis refers to that returning after a longer interval of dryness. Secondary enuresis may signify behavioral, neurological, infective causes, or chronic retention with over¯ow, and these require careful consideration. The two clinical types are pure monosymptomatic primary noctural enuresis (MPNE) and those where the nocturnal bedwetting is associated with diurnal urgency and urge incontinence; this is referred to as polysymptomatic primary enuresis (PPE), which is less common.
Most epidemiological studies link primary and secondary enuresis together and also include monosymptomatic and polysymptomatic cases. In reviewing the literature on enuresis, it is clear that there is a wide range of prevalence in different studies, partly owing to the inclusion criteria. For some authors enuresis is de®ned as wetting once a month or once in 3 months, whereas for others it is more than once a week, and in many papers there is no frequency de®ned at all.
The best studies are longitudinal cohort studies, but many are cross-sectional and some are case controlled and look simply at the patients referred to a clinic, and then to estimate the size of the at-risk population. In some cultures parents are more complacent about bedwetting than in others and do not regard it as a problem requiring attention. These problems in understanding epidemiology were summarized succinctly by Krantz et al. [2] , who also reviewed the published epidemiological studies.
To address the dif®culties in de®ning enuresis, in 1989 it was proposed that noctural enuresis should be classi®ed according to simultaneous overnight EEG and cystometry studies [3] . There are, however, no large population-based studies on enuresis based on such diagnostic evaluation.
Longitudinal Cohort Studies
A child development study has followed 1139 children born in one year in Dunedin, New Zealand, and obtained an impressive 92% follow-up 9 years later [4, 5] . It was found that primary enuresis usually remits with age ( Fig. 1) . Another cohort born in 1977 in Christchurch, New Zealand, was followed up annually. It was found that by the age of 8, 7% had nocturnal enuresis, although this included some who had relapsed after initially becoming dry [6] .
Survey Studies
In a Swedish study surveying 3556 7-year-olds, 7% of girls were enuretic, 3% of whom had monosymptomatic nocturnal enuresis, and 12% of the boys had bedwetting, 7% with monosymptomatic nocturnal enuresis [7] . In a study from the United Kingdom 1176 children entering secondary school in Bristol (aged 11±12 years) showed a prevalence of 6% of 511 boys and 4% of 665 girls. The de®nitions were based on more than one enuretic episode in 3 months [8] . In Sydney, Australia, 2292 children aged between 5 and 12 years of age were identi®ed using a sampling of parents voting in a compulsory election. Of those approached, 74% agreed to participate; 19% of the children had an enuretic episode once a month or more often [9] . In a Japanese study at the age of 7, 5% of girls and 15% of boys were found to have MPNE [10] . A study from France [11] looked at prevalence from the child's point of view, interviewing 1677 children going to a school camp (group 1). The view of parents of children attending school and representing 386 children were described in group 2. Understandably, more parents than children were prepared to acknowledge the problem of bedwetting (Table 1) .
Potential Risk Factors
Several risk factors have been investigated in epidemiological studies. Here we review and comment on some that are often discussed in the literature (Table 2) . Most studies have documented a strong family history, with the risk being estimated at 5±7 times higher for the child one of whose parents had been enuretic [12] . When two ®rst-order relatives had a history of nocturnal enuresis there was a mean delay of 1.5 years in developing nocturnal bladder control. Of those with a family history of nocturnal enuresis, 91% responded to antidiuretic hormone, ADH (arginine vasopressin), compared to 7% of those without a family history [13] . A genetic study by Rittig [14] and Eiberg [15] identi®ed an autosomal mode of inheritance with high penetrance (greater than 90%) and suggested that a gene for persistent enuresis might be located on chromosome 13q.
Behavioral disturbances have long been thought to be associated with enuresis. Children with secondary enuresis may be more inclined to have associated mental health disorders later in adolescence, and this group might bene®t from thorough assessment of any underlying emotional disturbance or psychopathology [16, 17] . There was, however, a lack of association between persistent primary enuresis and psychopathology in later childhood and adolescence in the study by Feehan et al. [5] . The age of achieving nocturnal control was also unrelated to a broad range of psychological factors, including family, social and economic background, family life event measures, changes in parents in the family and residential changes, in the study by Fergusson et al. [6] .
Normal children have a diurnal rhythm of plasma arginine vasopressin (AVP), with increased levels at night, and this accounts for lower urine volume at higher osmolality. Some enuretics have less pronounced increases of AVP at night [18] , and hence produce nocturnal polyuria. It has been shown that nonresponders to desmopressin (DDAVP), which is an analog of ADH and normal controls have normal nocturnal urine volumes, in contrast to the polyuria shown in the responders to DDAVP. This implies that the nocturnal urine production exceeds the enuresis re¯ex threshold of the bladder in some children, but there may also be others in whom the enuresis is not so dependent on the bladder volume.
Despite clinical impressions, objective studies using cystometry and EEG have failed to correlate the depth of sleep with arousal stages in patients with nocturnal enuresis at the time of wetting [19] . From a study of adolescent and adult patients with nocturnal enuresis enuretic episodes were observed in every sleep stage, suggesting that nocturnal enuresis may not be associated speci®cally with impaired awakening from deep sleep [20] .
Sleep apnea has been associated with enuresis in some patients. This has been explained as the apnea inducing an increase in atrial natriuretic factor, which in turn reduces renin production and hence aldosterone levels, causing a diuresis and hence an enuretic episode due to an excess of volume. Treatment of the apnea reverses all of the above [21] .
Urinary tract infections appear to have a very infrequent association with primary monosymptomatic nocturnal enuresis. However, children with secondary nocturnal enuresis showed a signi®cant bacteriuria in 29% of cases, and the enuresis resolved after appropriate antibiotic therapy [22] .
Spina bi®da occulta is a common anomaly of spinal development. It was initially thought that this might have some bearing as a neurological cause for enuresis. However, the outcome for those with enuresis appears the same whether or not a spina bi®da occulta is present [23] .
Overactive bladder dysfunction is common in children with myelomeningocele, and this can lead to UI that persists from birth. Patients with the tethered cord syndrome tend to develop secondary enuresis following a period of being dry, with onset as the child starts to elongate at around the age of 6±8, so that the investigation of secondary enuresis needs to focus on excluding a neurological cause. The term Hinman bladder has been coined to describe the patient who has sphincter-active voiding, overactive bladder dysfunction and often re¯ux, together with UI, but in whom no detectable neurological cause can be found. 
Remission and Natural History
Most children who are enuretic eventually obtain normal control. In the study by Forsythe and Redmond [24] the spontaneous cure rate was 14% annually between the ages of 5 and 9, 16% between 10 and 14, and 16% in the 15±19-year-old age group. There remained 33 patients who were bedwetting at the age of more than 20 years (3%). Similar rates of prevalence relating to age were noted by Feehan et al. [5] . Swithinbank et al. [25] investigated their original cohort of 1176 school children again at 15±16 years: day wetting was reported by 13% of children aged 11±12 and by 3% of children aged 15± 16. Nocturnal enuresis was reported by 5% of children at 11±12 years and by 1% at 15±16 years. In a group of adults over the age of 20 with a history of enuresis which persisted at least to the age 11, nocturia began when bedwetting stopped in 41 of the 88 cases [26] . There is some evidence that people who have had a past history of enuresis have a greater chance of bladder dysfunction developing in adult life. In a random cross-section of 2613 women aged 30±59 years of age, 17% reported incontinence. Childhood bedwetting was associated with a prevalence of urge incontinence, with odds ratios between 1.8 and 2.2 depending on the age dry (P<0.01) [27] . In another retrospective study of 1000 urodynamic records of 500 men and 500 women, 10% of the men had detrusor instability, 63% of whom had a past history of enuresis, and 29% of the women had detrusor instability, of whom 38% had a past history of enuresis beyond the age of 6. In this group there were 140 patients: 38 of the 50 men had detrusor instability (76%) and 55 of the 90 women (66%) had unstable bladders [28] . The authors concluded that the link between childhood bedwetting and adult detrusor instability appeared stronger for men than for women.
Epidemiology of UI in Women
Prevalence A large number of epidemiological studies of UI in women have been published. Some cover a wide age span, whereas others are surveys of a single age cohort or speci®c groups such as pregnant women. Several reviews are available [29±34]. Table 3 shows examples of the prevalence of at least some degree of UI as found in some studies.
For the elderly population a 1988 review of several European and American epidemiologic studies identi®ed a 10%±40% range of prevalence estimates of the experience of any UI among older women, and suggested a preliminary prevalence of 40% as not improbable [33] . Whereas the wide range of prevalence estimates had been noted before [34] , the paper systematically reviewed the evidence and suggests that the variability cannot be attributed solely to variations in the de®nition of UI or in study samples, as is usually done, but that differential underreporting attributable to variations in survey procedures might hold at least part of the answer. In two studies of younger nulliparous women aged under 25, the prevalence of some degree of UI was about 50% but was a clinical problem in only 5% and 6%, respectively [35, 36] . The prevalence peak (the age group with the highest prevalence of UI) also varies considerably between studies. Basically, the studies fall into two categories: those reporting the highest prevalence in old age [37±40] and those reporting the highest prevalence around the menopause [41±48].`High-prevalence' studies, using a lower threshold for identifying the women as incontinent, tend to show a prevalence peak in midlife, but this tendency is not consistent (Table 4) . Figure 2 shows the prevalences (interstudy ranges and medians) found in 13 studies of female UI in the general population. Only studies that cover an age span of at least 30 years are included [37±49]. We conclude that the median level of prevalence estimates gives a picture of increasing prevalence during young adult life (prevalence 20%±30%), a broad peak around middle age (prevalence 30%±40%), and then a steady increase in the elderly (prevalence 30%±50%).
Type of UI
In surveys based on questionnaires or interviews only symptoms can be registered. Diagnoses such as motor urge incontinence or genuine stress incontinence require the use of urodynamic equipment. Several authors have reported the relative proportions of stress, urge and mixed symptoms. In Table 5 the distribution of UI types are shown, as they are found in some surveys.
Approximately 50% of all incontinent women are classi®ed as stress incontinent, although this percentage is lower among older women. The prevalence of urge incontinence seems to increase with advancing age, and motor urge incontinence (detrusor instability) is often claimed to be the most common type of UI in the elderly [50±53]. However, these claims are based upon studies in selected groups and probably do not re¯ect the epidemiology of the general population [54±55]. When Diokno et al. [56] attempted to validate their population survey by urodynamic evaluation of a subsample, they found detrusor instability in only 12% of the incontinent women. One review [33] suggested that older women suffer primarily from stress or mixed urge incontinence. Diokno [57] found 56% mixed and 27% stress UI in incontinent women over 60 years of age. Hampel et al. [30] suggested a higher proportion of women with stress UI compared to mixed and urge UI, but their review included women of all ages, and the incidence of mixed UI increases with age.
Unfortunately, few studies have carefully assessed the different types and even fewer have examined their correlates. Therefore, proportions of stress and mixed types among older women are dif®cult to estimate, estimates vary considerably, and little is known about the risk factors and demographic correlates of the different types. But there are intriguing differences in the correlates between the different types, suggesting that the types may re¯ect quite different pathologies and that differentiating the types in future research might be fruitful.
Sandvik and coauthors [58] validated diagnostic questions used in a survey against a ®nal diagnosis made by a gynecologist after urodynamic evaluation. After using the validity (sensitivity and speci®city) as the basis for correcting the type distribution, the percentage of stress incontinence increased from 51% to 77%, mixed incontinence was reduced from 39% to 11%, and urge incontinence increased from 10% to 12%. The authors concluded that mixed incontinence may be overreported in epidemiological surveys, and that correction for validity indicates that a larger majority than hitherto reported may have pure stress incontinence.
Severity of UI
Variability in the reported prevalence diminishes when only subjects with severe or`signi®cant' UI are examined. Most studies have operationalized the Epidemiology and Natural History of Incontinencemeasurement of severe incontinence by measuring the frequency of urine loss or by asking about dampening of clothes, extra laundry, restrictions in activity or the use of protective pads. The ®rst approach may be considered a simple attempt to operationalize the quantity of urine lost, but in none of the studies has the severity measure been validated. The second approach also re¯ects perceptional differences, personal hygiene and coping ability. Those reporting weekly loss or more are generally assigned to the severe category. The consistency of this measure suggests that regular incontinence is less deniable and better understood by participants.
Thus it may be a more reliable ®gure than`any incontinence'. Even though the de®nition of severe or`signi®cant' incontinence varies between authors (depending on the frequency and amount of leakage, soaking of clothes, use of pads, etc.), its prevalence is considerably more consistent across different studies. Prevalence estimates range between 3% and 17%, with most studies reporting between 4% and 8% [42,48,59±61] . Two studies found that the prevalence of signi®cant incontinence tended to increase with advancing age [42, 62] , but another found the opposite tendency [44] .
It can be shown that the prevalence is dependent oǹ thresholds' for diagnosis or severity (Fig. 3 ). For example, Sandvik et al. [63] found that nearly half of cases were classi®ed as having slight incontinence, and only 27% as severe. Typically, slight incontinence denoted leakage of drops a few times a month, moderate incontinence daily leakage of drops, and severe incontinence larger amounts at least once a week. The authors also investigated the nuisance factor, and found that different levels of nuisance signi®cantly affected the prevalence estimates (Fig. 4) . Taken together, if only those with moderate or severe incontinence are considered, and including only those who are troubled by their leakage, the ®ndings from that study indicate that approximately 20% of incontinent women (e.g. 6% of all adult women) may be potential patients (Fig. 5 ). This example emphasizes that one should be very careful with calculating numbers of patients in need of therapy based on epidemiological data.
In the elderly a review [33] noted that the prevalence estimate for severe UI (typically de®ned as urine loss at least weekly,`regularly', or`most of the time') is lower than the prevalence of any incontinence, and that the available estimates are less variable, ranging from 5% to 15% and centering around 7% (Table 6 ).
In summary, it is quite clear that the prevalence estimates depend signi®cantly on the de®nition of severity used. It is not well established what level of severity should be regarded as clinically signi®cant. Incidence, Remission and Natural History A woman reporting symptoms of UI and seeking treatment for incontinence is presenting with a condition that represents exposure to a number of promoting and decompensating factors. The epidemiological data show that we know relatively little about the development or natural history of the disorder. Data are needed regarding the transition from continence to various levels of severity and types of incontinence. The ®ndings of Thomas and Yarnell [41, 64] illustrate the current gap in our knowledge regarding the natural history of UI: as many as one-third of the incontinent respondents became continent again over time.
Few studies have reported on the incidence of UI. Burgio [60] examined a cohort of healthy middle-aged women over 3 years. Of the previously continent women, 8% of the 206 studied reported at least monthly leakage. A New Zealand study of community-dwelling individuals aged 65 or older found that 10% of the originally continent adults developed UI in the 3-year study period [48] . This is in contrast to the 1-year incidence of 20% for older women from another study [65] .
Likewise, remission rates (the probability of previously incontinent persons becoming continent) vary considerable across the few studies that have investigated them (for review see [33] ). One study showed a 1-year remission rate of 12% for older women [65] . Rates of change are affected by the quality of the measures. Resnick [66] reported low test±retest reliability in reports of incontinence over a period of 2 weeks, whereas others [33] found reasonable test±retest reliability between the beginning and the end of the questionnaire.
In summary, longitudinal studies of incidence, remission and natural hisory are scarce and should be encouraged. It seems well documented that remission can take place, but we do not know much about the predictors for it. It may be natural or related to medical care, but we cannot exclude that unreliable measurements also may play a role.
Racial and Ethnic Differences
Most epidemiological studies of UI have been conducted in white populations, but some comparative data exist and provide some evidence that white women may be more susceptible to UI than black women.
Some early studies examined UI predominantly in the black African populations. Reports by Heyns [67, 68] state that black South Africans rarely developed stress incontinence, and developed the related disorder of pelvic¯oor prolapse at a rate 80 times lower than whites. Later studies of South African women attempted to explain the rarity of stress incontinence among blacks as a function of differing urethral pressures and lengths, as well as pubococygeal muscle strength [69, 70] . No difference in the prevalence of minor nulliparous stress incontinence among white (46%), Indian (42%) and black South African nurses (40%) was demonstrated. Whereas pelvic¯oor prolapse has been reported to be exceedingly rare among black South Africans it is the most common indication for major surgery in the Pokot people along the Kenyan Ugandan border [71] . Finally, a survey of 100 consecutive native Africans aged 16±60 attending a gynecology clinic in Ghana revealed an overall UI prevalence of 29%: 13% stress and 16% urge incontinence [72] . Of these, only 5% had signi®cant associated social or hygienic problems.
In the United States, the Establish Populations for Epidemiologic Studies of the Elderly reported an equal prevalence of UI among both races [73] . In contrast, Burgio et al. [60] reported signi®cant differences in regular and infrequent incontinence in black subjects (18% and 15%, respectively) compared to white subjects (32% and 28%). However, only 51 of 541 subjects in this study were African American. In a clinical study of patients referred for evaluation of UI or prolapse, Bump and colleagues [74] found that a larger proportion of white women reported symptoms of stress incontinence (31% vs. 7%), and a larger proportion were diagnosed urodynamically as having genuine stress incontinence (61% vs. 27%). In this report, white subjects had a prevalence of pure genuine stress incontinence 2.3 times greater than black subjects. This difference in physiologic subtypes was supported by a recent presentation of similar studies con®rming a signi®cant difference in the predominance of stress incontinence in the white subjects [75] . This difference may, however, be explained by racial differences in help-seeking behavior. Racial differences have also been reported among pregnant women, but these were evident only for stress incontinence and not for urge incontinence or other types of urine leakage [76] .
Some of the studies of non-caucasian women are reviewed in Table 7 . In summary, there remains a paucity of information regarding UI in non-caucasian women worldwide. The existing data are contradictory and plagued by small sample sizes. Given the variable nature of race around the world, these data may therefore not apply to the general population. The only large, scienti®cally sound epidemiologic study that included a substantial number of blacks asked only one question about UI. The existing data do suggest that UI among blacks is not as rare as anecdotal reports indicate. The available reports indicate a signi®cant difference in the distribution of physiologic subtypes. This lack of knowledge about the prevalence, incidence and natural history and differences in distribution of physiologic subtypes in the non-caucasian population has important implications. For example, if assessment of stress incontinence is less accurate in black women, this would have consequences for research as well as clinical practice [77] . Further worldwide data on non-caucasian population are needed.
Potential Risk Factors
Epidemiological studies conducted in various populations reveal a number of variables related to UI, including several possible risk factors or contributing variables (Table 8 ). Most of the data regarding risk factors for the development of UI have been derived from cross-sectional studies of volunteers and clinical subjects. Risk factors such as smoking, obesity, the menopause, restricted mobility, chronic cough, chronic straining for constipation, and urogenital surgery have not been as rigorously studied as have parity and age. This provides us with information of limited generalizability and restricts the level of inference regarding causality.
Well controlled analyses of potential risk factors and predictors are limited. Little is known about their relative and absolute value. Risk factors or causes of UI need to be investigated in a prospective or longitudinal design in order to establish the temporal ordering between risk factors and the onset of UI. Unfortunately, very few longitudinal studies of UI have been conducted. Therefore this review of health-related factors is based on cross-sectional studies and can only identify correlates.
Age. Because UI is so common among older women it is often regarded as a normal and inevitable part of the aging process. Most studies indicate that UI is indeed correlated with age [40±42, 44,78±81] . In one well known study a random sample of 842 women aged 17±64 years were interviewed [42] . The prevalence rates were found to increase steadily with age. In another large survey the prevalence of UI in women 46±86 years old increased progressively over seven birth cohorts (1900± 1940 ) from 12% to 25% [40] . Incontinence should not be considered normal with aging; however, there are changes in the bladder and the pelvic structures that occur with age and which can contribute to UI [57,82± 85] . Further, UI is often attributable to medical problems or diseases that can disrupt the mechanisms of continence (e.g. diabetes mellitus), many of which are more common in older adults.
Pregnancy. UI in women is often assumed to be attributable to the effects of pregnancy and childbirth. The literature shows that UI is more common in pregnant women than in other groups of women. Prevalence rates of 31%, 46% and 60% have been reported in three separate studies [76, 86, 87] . For most women UI during pregnancy is self-limiting. However, there is some speculation that women who are incontinent during pregnancy may be predisposed to UI later in their lives, such as during a subsequent pregnancy, or as they age. Indeed, during clinical interview older women will often associate the onset of their incontinence as being concomitant with pregnancy.
Childbirth. The role of childbearing in predisposing women to UI is supported by several studies that have demonstrated a link between UI and parity [41,43,47,62,76,80,88±91] . There are several explanations that may be offered. First, childbirth may result in pelvic¯oor laxity as a consequence of weakening and stretching of the muscles and connective tissue during delivery. Secondly, damage may occur as a result of spontaneous lacerations and episiotomies during delivery. The result of these events can be impaired support of the pelvic organs and alteration in their positions. A third possibility is that the stretching of the pelvic tissues during vaginal delivery may damage the pudendal and pelvic nerves, as well as the muscles and connective tissue of the pelvic¯oor, and interfere with the ability of the striated urethral sphincter to contract promptly and ef®ciently in response to increases in intra-abdominal pressure or detrusor contractions. The evidence of the relationship between childbearing the UI is presented in several studies. For example, Thomas and colleagues [41] reported that UI was most likely to occur in parous rather than nulliparous women at all ages (15±64), being most common in women who had 4 or more children. Holst and Wilson [48] found that UI was less common in nulliparous women, but found no association between rates of UI and increasing parity. In another study, Jolleys [43] suggested that the relationship between increasing rates of UI and increasing parity was linear. In addition, pregnant women with UI were found by one study to have a history of more pregnancies and more births than pregnant women who were continent [76] . Vaginal delivery in particular is believed to cause pelvic neuropathy that could instigate UI [ 92± 93] .
Only 3% of women were found to have troublesome stress incontinence 1 year after their ®rst vaginal birth [94] . This association between childbirth and UI diminishes with age. Foldspang [91] found that, although parity was a risk for stress incontinence, the effect decreased with age. Holst Wilson [48] reported that nulliparous women reported UI less than women with 1 child, but that UI changed insigni®cantly with increasing parity. Two studies of middle-aged women found no association between parity and UI. Hording and colleagues [88] found that the frequency of UI in 45-year-old women was not associated with frequency of births. Similarly, Burgio and colleagues [60] found that healthy perimenopausal women with UI were no more likely to have delivered more children than were continent women. The relationship between pregnancy, childbirth and UI requires further study.
There have been anecdotal reports that the position for vaginal delivery may have a possible impact on UI risk. Vesicovaginal ®stula, usually due to obstetric trauma, is an important cause of disastrous UI in developing countries [95] . Differences in birthing practices worldwide (including route of delivery and the availability of obstetric care) should be investigated to determine their potential relationship to continence status.
Menopause. Clinically, it has long been understood that urinary symptoms are an integral part of the transition from the premenopausal to the postmenopausal state. The atrophic changes increase susceptibility to urinary tract infections and cause storage symptoms (such as urinary frequency, urgency), dysuria, vaginal dryness and dyspareunia. Given the evidence that atrophy of these tissues can be reversed with estrogen, and that in some cases estrogen replacement reduces UI, it seems reasonable to suggest that estrogen loss contributes to the problem.
However, the literature is inconsistent in describing the role of the menopause and estrogen loss as signi®cant contributors to UI. Positive ®ndings were reported by Rekers and colleagues [44] , who compared premenopausal women (n = 355) with postmenopausal women (n = 858) and found no signi®cant difference in the prevalence of UI between the two groups (25% versus 26%). However, there were signi®cant differences in the frequency of incontinence episodes, indicating that postmenopausal women had more severe incontinence. Postmenopausal women were more likely to have UI on a daily basis or more frequently (7%), compared to the premenopausal women (3%). They were also much likely to have urgency (P<0.05) and nocturia (P<0.05). Postmenopausal women were, however, less likely to have large-volume accidents, and there were no differences in the types of UI. These investigators also examined the timeframe between menopause and the onset of UI. A signi®cant increase in the incidence of UI occurred 10 years before the menopause, and an even larger increase was found at menopause. Among postmenopausal women with UI, 28% had onset before menopause, 18% around the time of menopause, and 54% after menopause. Finally, women who experienced a surgical menopause had a higher rate of UI (36%) than those whose menopause was natural (22%).
One study of menopause status found that among 45-year-old women the frequency of UI was no higher in those who were postmenopausal than in those who were premenopausal [88] . A second study found that postmenopausal women were actually less likely to have UI on a regular basis [60] . A third study showed a signi®cantly lower prevalence rate among postmenopausal women (35%) than in premenopausal women (47%) [43] .
Hysterectomy. Well controlled prospective studies investigating the role of hysterectomy are few. Thus the role of hysterectomy is controversial [96, 97] . However, when asked about the onset of UI many women will report that it began immediately following hysterectomy. A hysterectomy with oophorectomy puts a woman into surgical menopause, which may imply a hormonal mechanism as the primary cause of UI. Recently, with the development of neurophysiological investigations to measure neurologic impairment of the pelvic¯oor, the question has been raised whether the development of posthysterectomy UI might be caused by nerve damage during the procedure. It may also be due to disturbances of musculofascial attachments of the bladder to the surrounding pelvic wall.
Milson and colleagues [40] , in a survey of 3896 women, reported that those who had a hysterectomy were more likely to report UI than those who had not (21% vs. 16%), and that this trend occurred across ®ve birth cohorts from 1900 to 1920. Further study of the relationship of hysterectomy to UI could yield surgical techniques that would reduce the incidence of UI.
Obesity. Obesity is often viewed as a factor that can cause UI or contribute to its severity. It is believed that the added weight of obesity, as in pregnancy, may bear down on pelvic tissues, causing chronic strain, stretching and weakening of the muscles, nerves and other structures of the pelvic¯oor. Anecdotally, patients are known to report improvements in the symptoms of UI associated with weight loss, and increased severity with weight gain. In addition, there is clear epidemiological support for the role of obesity in UI. UI in women has been associated with higher body mass index (BMI) [60, 96, 98] and greater weight [79, 89] . In one study a signi®cant relationship was found between UI and BMI such that women with regular UI had the highest mean BMI and those who had never been incontinent had the lowest [59] . Dwyer and colleagues [99] found that obesity was signi®cantly more common in women with detrusor instability, as well as those with stress incontinence, than in continent women. Similarly, in another study obesity was found to be an independent risk factor for incontinence [100] . Other investigators found no differences between continent and incontinent women as regards body mass index [101] . However, they did ®nd that women with a positive stress test (i.e. clinically demonstrated loss of urine with physical stress [coughing]) had a higher BMI than those who had a negative stress test.
In addition to the associations found between obesity, BMI and UI, con®rmatory results have been reported for intervention studies. Bariatric surgery was used in one study to drastically reduce weight in a group of morbidly obese women [102] . As a group, the women had both subjective and objective resolution of stress as well as urge incontinence. In another study, weight reduction by bariatric surgery resulted in reduction of stress incontinence from 61% to 12% of the group [103] . Thus, there is strong evidence to support the causal role of excess weight in the development of UI. A link between body mass and UI supports the concept that weight gain may increase susceptibility to incontinence, and suggests that weight loss may decrease incontinence.
Lower Urinary Tract Symptoms (LUTS).
Irrespective of whether they are due to disease or to normal aging, urinary tract symptoms such as blood in the urine, cloudiness or a foul smell in the urine, burning during urination, dif®culty initiating urine¯ow, inability to stop urine¯ow, needing to push and strain while urinating, or needing to urinate more than once to empty the bladder, emerge as one of the most critical set of correlates and potential precursors of UI from the analysis of the MESA data [57] . UI is further related to fecal incontinence [57] .
Functional Impairment. Another set of health-related correlates that have been substantiated in several studies are functional impairments, particularly mobility limitations [57,104±107] . Mobility problems include having experienced a fall during the last 12 months, being diagnosed with arthritis, currently using equipment to get around, being restricted from going out, and several performance measures of lower-body physical functions. The term dependent continence denotes a condition where the patient is dry but only as a result of being regularly reminded or shown where the toilet is, or requires physical assistance in transferring, mobilizing and/or toileting [108] . The exact interpretation of the relationship between functional impairment and UI, however, is still being debated. At issue is whether UI is a direct consequence of dif®culties in getting to the bathroom and removing clothing or, alternatively, whether mobility limitations and UI are both consequences of the general frailty of older age, or of an underlying systemic illness such as a stroke. Longitudinal information is needed to clarify the direction of causation between functional impairments and UI.
Cognitive Impairment. Studies in nursing homes have suggested a link between dementia and UI [109±112], but no relationship between mental status and dif®culty in holding urine was found in a community sample [113] . A systematic review of 11 studies examining the rate of UI in patients with dementia [114] concluded that UI is common in such patients, and is more prevalent in demented than in non-demented older people. It occurs with equal or greater frequency in males than in females, and this contrasts with the female preponderance in community-based, general older populations. The association between UI and dementia has been strengthened by systematic psychiatric examination and classi®cation [115] .
Occupational Risks. There is currently a dearth of knowledge to aid medical providers in advising their patients about occupational factors that promote either the onset or the recurrence of urinary incontinence.
Other Factors. Other published articles have reported correlations between UI and several other variables, including cystitis or urinary tract infections [35, 98] , previous gynecological surgery [43, 47] , constipation [116] , the use of diuretics [80] , other drugs [117] , perineal suturing [43] , exercise [118] , cystocele [88] , uterine prolapse [88] , radiation [119] , impaired function of the levator muscles [88] , childhood bedwetting [27] , and current and former cigarette smoking [120] . A recent observational study [121] reviewed the medical records of 5986 members aged 65+ of a large health maintenance organization in California. There was an increased risk of UI associated with the diagnoses of Parkinson's disease, dementia, stroke, depression and congestive heart failure.
Epidemiology of UI in Men
The epidemiology of UI in men has not been investigated to the same extent as for women. However, sex differences are observed in almost all studies that have examined this. It appears that UI is at least twice as prevalent in women as in men. Type and age distribution are much different between the sexes, and risk factors, although less investigated in men, also seem to be different. We have found no reviews of the epidemiological studies of male UI.
It is also important not to consider UI as an isolated problem in men, as other urogential symptoms, such as weak stream, hesitancy, dribbling or impotence, often coexist. Terminal dribbling of urine is a common symptom, but bears no direct correlation with obstruction.
Prevalence
Some of the major reviews also discuss the prevalence of UI in men [29, 30, 33] . Table 9 shows examples of the prevalence of at least some degree of UI as found in some studies. There are no studies reporting prevalences for men according to the ICS de®nition, but for any de®nition there seems to be a steadier increase in prevalence with increasing age (Table 10 ) than in women.
Owing to differences in the pathological anatomy and pathophysiology of UI in men, there is a different distribution in incontinence subtypes. Most studies ®nd a predominance of urge incontinence (40%±80%), followed by mixed forms of UI (10%±30%) and stress incontinence (< 10%) [33, 57, 122] . Most studies have a large fraction of other/unclassi®ed types. When it comes to severity, the gender differences seem to be no different from those for any type of incontinence. Estimates for severe UI in older women tend to be about twice as high as for older men [33] . We have found no studies addressing racial or ethnic differences in the prevalence of UI in men.
Literature on the incidence of male UI is very scarce. The MESA study [65] found a 1-year incidence rate for elderly men of 9%. Substantial remission rates were also obtained, rates that were higher among men (27%) than women (11%). One likely explanation of the relative instability of male UI focuses on the predominance of urge incontinence in men. Urge UI is often caused by prostate gland disease, infections or bowel dysfunction, all of which are relatively amenable to treatment, or improve even without treatment.
Malmsten [123] analyzed the age of onset for each age cohort. The mean debut age for all men was 63 years and mean duration was about 8±10 years in the cohorts.
Potential Risk Factors
There is relative little research concerning conditions and factors that may be associated with UI in men, and clear risk factors are more seldom scienti®cally documented (Table 11 ). However, a few studies have identi®ed potential risk factors, which are described below.
As for women, increasing age is correlated with increasing prevalence of UI. There seems to be a more steady increase in prevalence with increasing age than for women.
In a telephone survey of 150 community-living incontinent men aged 20 and over, about 70% had experienced a variety of other medical conditions, many of which may cause or aggravate UI [124] . About half of the men reported symptoms of bladder outlet obstruction, and almost a third had undergone prostatectomy. In a study of 805 non-institutionalized elderly men, Diokno and coworkers [57] found that a variety of problems, conditions and symptoms are more prevalent among those with UI than those among those without. UI was reported by only 15% of men without voiding symptoms, frequency or urgency, and by 34% of those with symptoms. When outlet obstruction is established this may lead to increasing postvoid residual urine, which may lead to chronic retention and manifest as over¯ow incontinence. Established outlet obstruction may cause detrusor instability, and manifest as urgency, frequency and urge incontinence. Mobility problems, such as the use of a wheelchair or walking aids, as well as diagnosed arthritis or rheumatism or having a fall in the last year, were signi®cantly greater in incontinent than continent men [115] . In general, most studies ®nd similarities between men and women (see below) for functional and cognitive impairment as risk factors for UI.
Many speci®c neurological diseases may lead to UI [124] . Detrusor hyperre¯exia is commonly seen in mengingomyelocele patients and in spinal injuries, Parkinson's disease and multiple sclerosis. Are¯exic bladder dysfunction due to a cauda equina lesion or diabetes might cause over¯ow or a paralyzed pelvic oor, and hence stress incontinence. A well known iatrogenic cause of male incontinence is prostatectomy. The reported incidence of stress incontinence following TURP is about 1%. Figures from radical prostatectomy technique range from 5% to 34%. Three known risk factors are pre-existing bladder and sphincter dysfunction [126, 127] , increasing age [128] and lack of surgical expertise [129] . Overall, this type of UI tends to improve with time [130] .
Why do Prevalence Estimates Differ?
The well documented variation in prevalence estimates is thought to result at least in part from several confounders common to survey and epidemiologic research. Herzog and Fultz [131] , in a review of the prevalence and incidence of UI in community-dwelling populations, proposed that past investigations were plagued by sampling and non-response issues, by selfselection and attrition, and by de®nitional, conceptual and measurement issues. These are reviewed brie¯y below; more comprehensive reviews about measurements and methodological aspects of investigating UI are provided in references 29, 32, 132 and 133. It is clear that there are large methodological challenges to rigorous research in this ®eld. Unless the scienti®c community deals with these challenges, progress will be dif®cult to achieve.
Different De®nitions and Measurement
A major problem in research on UI has been the use of different de®nitions and measurements, and this might contribute to the wide range of reported prevalence estimates. The ICS de®nition of UI ± a condition in which involuntary loss of urine is a social or hygienic problem and is objectively demonstrable [1, 134] ± includes objective demonstration of urine loss as one critical component. This aspect limits the ICS de®nition for community-based epidemiologic investigations, because objective demonstration of UI is dif®cult to achieve outside the clinical setting, and studies that were able to include this aspect in their assessment might have produced different prevalences. In addition, the social or hygienic aspect of the ICS de®nition might be problematic in epidemiologic studies because it adds a subjective aspect to an objectively de®ned condition, and therefore confounds the investigation of prevalence, incidence and risk factors. By the same token, the subjective de®nition of a problem or nuisance might be relevant in the investigation of care-seeking for UI, and the prediction of who is likely to become a patient for this condition. Again, inclusion of this aspect into the de®nition might lead to different prevalence estimates. Also, studies have used different objective severity levels for de®ning UI: whereas some classify any involuntary loss at all as UI, others require at least monthly, weekly or even daily loss for UI classi®cation. Moreover, different timeframes for the occurrence of involuntary urine loss have been used in existing studies. Loss during the previous week, month, 6 or 12 months have been used; sometimes the time period is left unspeci®ed. As UI symptoms can occur irregularly, a timeframe for measurement must be established. Finally, varying efforts have been expanded to overcome a social desirability bias, according to which respondents tend to underreport UI unless strongly encouraged to be honest and forthcomingly. For future community-based epidemiologic research we propose that the core de®nition of UI should include only the involuntary nature of the urine loss and the objectively de®ned severity of the condition by symptoms of frequency or quantity of loss. We also recommend that a time period for observing the symptoms should be speci®ed, and that patients should be encouraged to report honestly.
A further factor complicating the conceptualization and measurement of UI in epidemiologic studies lies in the nature of the condition. UI is a chronic condition (or set of conditions) that often starts slowly and comes and goes for a considerable time before it become fully established [132] . Moreover, over time people get used to their UI and notice it less. These aspects can interfere with valid assessment.
Ideally self-reporting measures are validated by clinical evaluation. However, clinical and even urodynamic investigations should be regarded as other measures, not necessarily as gold standards, because it is known to be dif®cult to demonstrate all urinary symptoms in the clinical setting. Some validation investigations have been reported. Diokno et al. [56] invited both continent and incontinent respondents from a community survey for extensive clinical investigations, and found 83% agreement between self-reports of UI and the clinical assessment. Two Swedish studies have reported that 5% and 6% of self-reported UI could not be veri®ed in the clinic [40, 135] . A recent study [136] revealed less than satisfactory predictive validity of selfreported types of UI compared with urodynamic investigations. The time delay between the two measures in these investigations may explain some of the lack of agreement.
Holtedahl [137] calculated prevalence estimates using different de®nitions of UI for the same sample of 50±70-year-old women. The prevalence of any self-reported leakage was 47%. Self-reported regular UI, with or without objective demonstration, was found in 31% of women, and regular incontinence according to the full ICS de®nition in 19%. The results indicate that the ICS de®nition is rather restrictive and yields prevalence estimates lower than many other de®nitions used in epidemiologic studies.
Sample and Data Collection Methodology
Some surveys, mostly British, have selected their samples from lists of patients in general practice [41, 43, 47, 138, 139] . These surveys usually get good response rates, but unless such lists include all persons in the population they are biased sampling frames [33] . Some population-based studies have included institutionalized patients [40, 135] , some have excluded them [42, 57] , and other authors have provided no information on this issue [42, 48] . The differences will obviously account for some of the variation in prevalence estimates observed among older women.
Low response rates may further bias prevalence estimates [132, 140] . Known differences between responders and non-responders can be compensated for during the analysis. The major problem is unknown differences [140] in response rates and other characteristics. Incontinent women may not answer (or deny UI) because of embarrassment or related handicaps. Equally, incontinent women may ®nd the subject particularly relevant and therefore respond to a greater extent than continent women. At present, we do not know how these factors may affect the comparison between incontinent and continent women.
Data on UI are often collected by post, but some authors have conducted personal or telephone interviews. Personal interviews allow the exploration of issues in greater detail and achieve generally higher response rates than postal questionnaires. There is also the possibility that responses elicited by interview are more susceptible to social desirability bias than those elicited by post.
Help-Seeking Behavior
A majority of people with UI have not sought help [122,141±144] . In a Norwegian study 4.4% of all women over 20 years old in a community consulted their GP for UI during a 3-year period [145] . Increasing age, increasing severity, increasing duration and urge/mixed UI were shown to be associated with consulting a doctor [142] .
The most commonly used method of actively managing UI among community residents is the use of absorbent products [122,141,146±148] . Only a small proportion of incontinent community-dwelling women have used surgery, medication or exercise regimens [141, 142] . The only factor that appears reliably related to whether any treatment or management is sought is the severity of the condition [141] (for review see [29] ). It is also probable that many primary health-care providers lack con®dence in managing UI, and that this contributes to undertreatment in those seeking help [149] .
It is obvious that millions of men and women suffer from their UI, and that for many of them good treatment can be offered. However, for many with very mild or occasional UI it is probably adequate not to seek help. Others are satis®ed with just information and understanding about the causes, and self-care may be quite appropriate [143] . A Danish study has also shown that simple information and advice was adequate for 23% of the women visiting an open-access incontinence clinic [150] .
It is important to realize that many incontinent persons have never talked to a health-care professional about the condition. Both epidemiological and qualitative research in this ®eld should be encouraged in order to understand cultural, religious and other reasons for help-seeking behavior worldwide.
Epidemiology and Clinical Work: From Respondent to Patient
In this paper we have emphasized some major and important differences between epidemiology and clinical work which may have several implications. A selection process is most often accomplished ®rst by self-selection (help-seeking), then by a referral system, which provides specialist physicians with a patient population with a higher prevalence of disease, more severe disease, and often a skewed-type distribution, thus obtaining test results with fewer false positives, better diagnostic accuracy and more ef®cient use of resources. However, such intended and deliberate selection bias has its drawbacks. There is growing evidence that it introduces a serious bias into research and hampers our ability to generalize hospital-based research back to primary health-care populations. Furthermore, it may result in recommendations and guidelines for diagnosis or therapy derived from tertiary care centers which are inappropriate at the primary care level [151] . Often guidelines, review articles or teaching material do not take into account the varying prevalences and variations in the clinical picture between community and hospital. They may also emphasize the use of tests or equipment that are not appropriate or relevant for general practice and primary health care, thus leading to the overuse of referral. Data from hospitals or specialists may also overestimate the amount of burden, costs and number of persons in need of treatment if such data are used for extrapolation back to community level.
One study provides substantial empirical evidence to support the existence of selection bias for UI [151] . The analyses were based on three populations of incontinent women: community level (epidemiological survey), primary care level (prospective study) and secondary care level (university hospital, prospective study). The general practice patients were older and the hospital patients younger than those in the community. From community via general practice to hospital there was an increase in duration, frequency of leakage, amount of leakage, severity and perceived impact of incontinence. Help-seeking at the primary care level was associated with increasing age and severity, and with urge symptoms and substantial impact. Referral from general practice to hospital level was only associated with (lower) age and urge symptoms.
Earlier we showed how prevalence estimates can change dramatically when the nuisance, frequency and amount of leakage are considered. In addition, there is also selection bias through the health-care system. Taken together, this emphasizes the need for caution when epidemiological data are used in a clinical context. It concerns level of care in several ways: there is a large transitional zone from healthy to diseased, there is a danger of medicalization, and there is a danger of treating patients at a higher level than necessary.
Risk factors, predictors and correlates discovered in epidemiological studies are problematic and may not be decisive in the clinical assessment of an individual patient. In addition, the risk attributable to some known risk factors may be statistically but not clinically signi®cant.
Recommendations for Further Research
It is recommended that more sustained research is needed on the measurement of UI, its types and severity. Longitudinal study designs are required to estimate the incidence of UI and describe the course of the condition and its different forms, and to investigate its risk factors and possible protective factors.
There is an absence of epidemiological data in developing countries and it is recommended that fundamental research regarding prevalence, incidence and other epidemiological data in such countries should be encouraged, and tailored to the cultural, economic and social environment of the population under study.
Crude prevalence studies (descriptive epidemiology) from the USA and Europe are abundant, and further studies should be done only with recommended and validated questionnaires or in order to combine data from the prevalence study with studies of cofactors and predictors (analytical epidemiology).
Some potential risk and protective factors deserve more attention. For example, the role of childbirth in the development of UI must be studied in a fashion that links population-based methods to clinical assessment of the birth trauma, and follows women over many years. Such a design is necessary because the effect of childbirth will become clear only years later when the woman is older, and because she will not be able to report the exact nature of the tear and the episiotomy, etc. Other potential risk factors include obesity, various forms of stress of the pelvic¯oor, and smoking. Hormone replacement therapy and physical exercise may have a protective role.
The main goal in the management of human disease is primary prevention. An important strategy would thus be to identify the individuals at risk and then take steps to reduce that risk. However, based on current knowledge there are no well documented measures that can be set up to avoid the occurrence of UI in large populations. Primary prevention studies should be encouraged, but the epidemiological basis for choosing appropriate interventions is weak.
Some speci®c topics for further epidemiological research could be as follows:
Standardization of measurement instruments for UI in community surveys Epidemiological research in developing countries Racial differences Prospective incidence studies Search for speci®ed risk factors and protective factors Prospective cohort studies and case control studies for risk factor assessment Predictors for remission of UI Prevalence comparison between several countries, using the same methodology Barriers to seeking help Primary prevention.
There is merit in reconsidering the de®nition of UI, and moving towards a standardization of measurement instruments of UI in community surveys that can be used worldwide. Developing a new de®nition is a scienti®c process requiring careful conceptualization of the condition in light of its many clinical presentations and underlying mechanisms. This will require a multimethod approach and consideration of issues such as reliability and validity. Clearly, the core of the de®nition is`any involuntary loss of urine'. However, this may require elaboration, depending on the purpose of its use.
For the purpose of epidemiological research it is recommended that the following are included in the de®nition:
The individual's statement of any involuntary urine loss The frequency of urine loss The quantity of urine loss The duration of the condition.
Consistent with standard epidemiological practices, it is not recommended that quality of life or nuisance be included in the de®nition of UI for epidemiological purposes, as this confounds or distorts our estimates of prevalence and incidence. A second reason is that it could seriously limit the detection of risk factors. However, quality of life or nuisance may be important elements of a de®nition of UI for clinical purposes.
Variations in de®nitions and measurement issues are fundamental and lead to problems with assessing the ®ndings in epidemiological studies. It is therefore recommended that all epidemiological studies include a minimum data set with the following elements:
Screening question for any involuntary urine loss Frequency measure (for example, classi®cation into categories of none, less than once a month, one/ several times a month, one/several times a week, every day/night, all the time) Quantity of urine loss for a typical episode (for example, classi®cation into categories of none, drops, small amounts, moderate amounts, much/a great deal) Duration (months, years).
In addition, it is highly recommended to include validated measures of nuisance/quality of life and symptoms.
This article is based on the work of the subcommittee on epidemiology which reported to the First WHOsponsored Consultation on Incontinence, Monaco 1998. The subcommittee's ®le report is published in Abrams P, Khoury S, Wein AJ (eds) 1999 Incontinence. Health Publication Ltd.
